Summary. We present observations of a newly discovered dMe flare star within 20pc of the Sun. An EXOSAT observation of this source shows an almost complete X-ray flare light curve with rise time -600 s, decay time -1500s, and peak luminosity L x =6.1xl0 29 ergs" 1 , a 40-fold increase in brightness over the quiescent level (1.5xlO 28 ergs -1 ). The total energy in the flare is 2.7xl0 32 <E x <3.3xl0 33 erg. We also present results of two Einstein IPC observations; the source is quiescent in the first and shows evidence for a luminosity enhancement, possibly the tail of another flare, in the second. We identify the source with a hitherto unstudied nearby star with magnitude V-13 and spectral type -dM5e, at a distance of-13 pc. A loop model for the quiescent corona gives physically unrealistic values for the size of the loop structure; however, considering the quiescent corona to be uniform and symmetrical gives acceptable values for the mean pressure and density. For the flare, we explore a variety of different physical assumptions about the cooling mechanism and derive possible values for loop lengths and electron densities.
1 Introduction M dwarf stars are the most numerous spectral class (Allen 1973 ) and may constitute the major part of the mass of the galaxy (Weistrop 1972; Nunez & Figueras 1984) . They are designated 'dMe' if their optical spectra display the Balmer series in emission. Many of these objects flare in X-ray, optical and radio wavebands. The percentage of M dwarfs containing emission lines increases monotonically with M v \ Joy & Abt (1974) find that for stars of spectral type MO-2 less ^Present address: Milliard Space Science Laboratory, University College London, Holmbury St. Mary, Dorking, Surrey RH5 6NT.
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than 10 per cent are emission line objects, while for stars later than ~dM5 all M dwarfs are dMe. [However, Leibert et al. (1979) have observed four objects apparently later than dM5 with no Balmer emission.] There is no evidence that dM stars differ from dMe stars in age (Joy & Abt 1974) or elemental abundance (Hartmann & Anderson 1977) . Rather, the two kinds of star differ in the level of surface activity. Most types of normal stars have been detected as soft persistent X-ray sources by the Einstein satellite Ayres et al. 1981) . The exceptions are the -B5-A5 spectral range, and giants and supergiants later than ~K0. Vaiana et al. argue convincingly that the stars they observe are typical rather than exceptional X-ray emitters; for dM stars the X-ray luminosity ranges from 10 26 to 10 29 erg s _1 . For dwarfs of type K and later, the X-ray luminosity seems to be uncorrelated with spectral type, however, there is a relationship between the X-ray luminosity and rotation rate (Pallavicini et al. 1981a; Walter 1982) . The basic building blocks of activity in solar and stellar coronae are quasi-static loop structures in metastable equilibrium (Jordan 1975; Rosner, Tucker & Vaiana 1978; Vesecky, Antiochos & Underwood 1979; Pallavicini et al. 1981b) . The interaction of differential rotation and convection probably leads to the shearing of dynamo-generated magnetic fields in coronal loops. Active dwarfs (dMe stars) tend to be brighter than 'normal' stars, and there is a weak correlation between emission level and duplicity, as single late-type star are mostly slow rotators.
Although there have been many pointed observations of flare stars using previous satellites, very few X-ray stellar flares have been observed. Of the 67 observations of flare stars performed using Einstein [see Haisch (1983) for a review], only a handful yielded significant flare events. Flares are apparently caused by eruptive instabilities in coronal loops, with the rapid emergence of new material to give extra mass in buoyant flux tubes, and the magnetic reconnection which follows. In solar flares this may be a local effect, whereas in later type stars the breakdown in equilibrium is probably global. Such instabilities may be caused, for example, by excessive thermal pressure such that the magnetic field can no longer confine the hot material, or by an increase in density that a magnetic field sheared by convective motions can no longer support against gravity (Priest 1983, and references therein). The effect of some such instability is to release an intense impulsive burst of energy within a limited region, causing subsequent heating of the chromosphere, rapid expansion of the heated material and shock waves. Optical light originates in the dense layers around the 'footprints' at the base of the magnetic field lines, while soft X-rays are produced in the expanding and cooling plasma (see e.g. Kodiara 1983) .
Flaring behaviour in the source 1E0419.2+1908 was serendipitously discovered during an EXOSAT observation of a field centred on TTauri. The source has also been detected in two Einstein observations of the region. Section 2 contains details of the X-ray observations of this source. The optical identification of 1E0419.2+1908 and a description of the optical spectrum appear in Section 3, and in Section 4 we estimate the distance to the source. In Section 5 we present an analysis of the fluxes and derived luminosities of the source in the quiescent state and during the flare, and consider the total energy released. Section 6 contains a discussion of the physical interpretations of these results, and a summary is given in Section 7.
2 X-ray observations 2.1 OBSERVATIONS WITH THE EINSTEIN OBSERVATORY 1E0419.2+1908 was observed twice with the Imaging Proportional Counter (IPC) on the Einstein (HEAO-2) X-ray Observatory. The IPC has a field of view of ~l°xr and a spatial resolution of-larcmin. The effective area of the detector is-100 cm 2 at 1 keV, and the spectral sensitivity of the instrument for these observations was 0.2-4 keV. A more detailed description of the Einstein satellite and instrumentation can be found in Giacconi et al. (1979) . A summary of the observations can be found in Table 1 .
There is evidence for variability in the second Einstein observation, the light curve of which is shown in Fig. 1 . Testing this light curve against the hypothesis that it is a constant source gives a reduced j 2 =2.0 (19 degrees of freedom) for these data when summed into 100 s bins and 7.2 (3 degrees of freedom) when summed into 500 s bins. For the first observation we obtain ^2=1.5 (28 degrees of freedom) for a bin size of 100 s and j 2 <1.0 for coarser binning. The shape of the light curve from the second observation seems to indicate that 1E0419.2-1-1908 may be recovering from flaring or high-state activity.
THE EXOSAT OBSERVATIONS
We observed the TTauri field with EXOSAT for 2.25hr on 1983 August 21. Both of the Low Energy (LE) imaging telescopes were operational at this time. The LE telescopes have an effective energy range of 0.02-2.5 keV, and an on-axis spatial resolution of lOarcsec, and when used with the Channel Multiplier Array (CMA) are capable of broad-band photometry using a range of filters (de Körte et al. 1981) . The thin 3000 Â lexan (3LX) filter was employed in LEI for the whole observation, while in LE2 the 3LX filter was exchanged for the aluminium/parylene (Al/Par) filter half-way through the observation. TTauri was not significantly detected in either telescope, with a 3cr upper limit on the count rate of 0.0025 count s -1 in the lexan filter. [For a thermal spectrum with Â:r=l keV and column density of 7V H =2 x 10 21 cm -2 , this corresponds to an upper limit on the luminosity of L x <5 x 10 30 erg s _1 , consistent with previous observations (Feigelson & DeCampli 1981) .] However, a strong source was detected 15 arcmin from this position in both LEs. A summary of the mean count rates for the serendipitous source is presented in Table 1 . The rough distribution of count rate against energy provided by the CMA ('sum-signal distribution') shows that the count rate is consistent with a soft X-ray source and is not attributable to UV flux.
The mean centroid of the emission, as determined by both low-energy detectors, was found to be RA=04 h 19 m 13!0, Dec= + 19°08'23" (1950; error radius 20arcsec) . This position is consistent with the IPC error circle, confirming that the same source is being detected by both observatories. The LE light curves (Fig. 2) show that the bulk of the detected X-rays are caused by a flare event with maximum brightness at about ut 16:17. The peak count rate for this event is 0.275counts -1 and the e-folding times for the rise and decay of the flare are 630±160s and 1520±160s respectively. The error in these characteristic times comes principally from the uncertainty in the precise time of peak flux. Preceding the flare there is a short (~1200-s) period of quiescent emission with a mean count rate of 0.013 count s -1 . The decline back to quiescence in the LEI is not complete by the end of the observation.
3 The optical identifícation of the serendipitous source
The only object within the X-ray error box visible in the (blue and red) Palomar Sky Survey plates is a bright (13th mag) star (Plate 1). Strömgren photometry of this star was obtained using [facing page 80] the Kitt Peak National Observatory no. 2 0.9-m telescope on 1984 September 3 and 4. The star was found to be redder than any of the standard stars observed and the data were thus not ideally calibrated, but values of V=12.9±0.1 and 6-y = 1.04±0.05 were estimated. Converting to the Johnson UBV system (Crawford & Barnes 1970) this corresponds to a B-V of 1.7±0.1 (error introduced in conversion included), indicating a probable spectral type of M4-5, if the star is a dwarf (Joy & Abt 1974; Wing 1983 ). Spectroscopic observations of this star were performed at the Observatorio del Roque de los Muchachos using the 2.5-m Isaac Newton Telescope. A spectrum with a dispersion of 49.9 Â mm -1 and resolution 1.7 Â covering the wavelength range /Ü 6300-6900 was obtained on 1984 July 26 using the RGO CCD which showed Hör strongly in emission. Spectra with greater wavelength coverage were subsequently obtained on 1984 November 28, using the same telescope with the RGO IPCS attached to the Cassegrain spectrograph operating at a dispersion of 66.5 Â mm -1 , and giving a spectral resolution of ~3 A ( and after each integration, and the wavelength calibration is accurate to 0.03 Â (this is the rms error in a 5th order polynomial fit to -20 arc lines). The spectra were flux calibrated using the spectrophotometric standard SA29-130 (=EG67) from the absolute flux distribution catalogue of Oke (1974) . The blue and red optical spectra do not match up precisely at -5600 Â; this may reflect the inaccuracy in the flux calibration at the edge of the spectrograph where the count rate is low. The hydrogen Balmer series is observed to be prominent in emission to beyond Hô, and the chromospheric Can H and K lines at 223968, 3933 are also in emission. Strong TiO-band envelopes with heads at 224761, 4954, 5167, 5448, 5810 and 6159 are clearly visible in these spectra, features generally associated with dwarf M stars. Additional, weaker TiO-bandheads can also be seen at22 4804, 5759 and 5849, and possibly at22 4584 and 5736.224270 and 5597 are marginally detected although they fall in regions with poor statistics. The strongest absorption feature, as expected in cool stars, is the Cai24227 line, with an equivalent width ofll.3±0.2Â. The NaD lines are also observed strongly in absorption. The emission cores observed in some dMe stars (Worden, Schneeberger & Giampapa 1981) would not be seen at this resolution. No He ii2 4686 emission is observed, so we assume that no flare activity was taking place at the times of our optical observations. There was no significant detection of the Li 26707 feature (see Section 4).
The internal consistency of the spectral classification of M stars is made difficult by the effects that varying elemental abundances have on the important features. However, assuming solar abundances, the strength of the TiO bands grows with decreasing temperature, whereas the relative strength of these bands varies as a function of luminosity class. The equivalent width of the Caí 24227 line also increases with type, and within each type shows a definite negative luminosity effect. For 1E0419.2+1908, the relative strengths of the TiO bands and atomic Ca features suggest a spectral type and luminosity class of M4.5-5Ve (Yamashita, Nariai & Norimoto 1977; Jacoby, Hunter & Christian 1984; Abt et al. 1968; Leibert 1975) , in agreement with the colours.
On the basis of the positional agreement, the optical spectrum, and the energy considerations below, we therefore identify this star as being the optical counterpart of the X-ray source 1E0419.2+1908. The coordinates, magnitude and colours of the counterpart are summarized in Table 2 .
It is difficult to believe that a star as bright as the counterpart of 1E0419.2+1908 has not been studied before. However, there is no reference to the star in any of the following: "General Catalogue of Variable Stars' (up to and including the 3rd supplement to the 3rd edition) (Kukarkin et al. 1976) ; "Catalogue of Suspected Variable Stars' (Kukarkin etal. 1981) ; "Catalogue of Nearby Stars' (Gliese 1969, also Gliese & Jahreiss 1979); "Catalogue of Stars within 25pc of the Sun' (Woolley et al. 1970 ); "New LTT Catalogue' (Luyten 1980) . Catalogues, lists and references specific to the study of flare stars and dMe stars have also been checked, including Pettersen (1976), Gurzadyan (1980), Haro & Chavira (1955) , Joy & Abt (1974) and Kunkel (1975) . However, the Gliese & Woolley catalogues are known to be incomplete for late-type stars. The luminosity function (number of stars/unit absolute magnitude/pc 3 ) for nearby stars obtained by Miller & Scalo (1979) suggests a total of 5338 stars within a 22-pc sphere centred on the Sun, of which 71 per cent (-3800) are expected to be dM stars (Nunez & Figueras 1984) . Less than 10 per cent of the stars in the Gliese catalogue are M stars. Basic data for 436 nearby stars brighter than 10th magnitude not included in these catalogues is presented by Halliwell (1979) , and many previously unrecorded but moderately bright K and M dwarfs within 25 pc were noted in the Michigan Southern Sky Survey (Upgren et al. 1972 ). The inconsistency stems from an obvious selection effect; the Gliese catalogue favours stars with a high proper motion.
4 The distance to 1E0419.2+1908 Table 3 contains the velocities and widths of the most prominent features in the optical spectra. Heliocentric velocity corrections have been applied and the line profiles have been corrected for the effects of the instrumental resolution. The parameters were obtained by fitting Gaussian line profiles plus a parabolic continuum to the data, using a non-linear least-squares fitting technique. Errors are estimated to be ±5 km s -1 , ±5 km s -1 , and 0.2Â for the line velocities, FWHM and equivalent widths respectively. TTauri is a member of the Taurus-Auriga association, at a distance of -160 pc (Kuhi 1964). If 1E0419.2+1908 were at this distance, its absolute magnitude would be M v =6.9, incompatible with the source being on the main sequence. Also, we observe no interstellar absorption features (Herbig 1975), which we would have expected if 1E0419.2+1908 were in the Taurus-Auriga association, and thus we assume that the absorption is negligible. The mean absolute magnitude of dM4.5e stars (Joy & Abt 1974 ) is M v = +12.4. Assuming a possible error of ± half a spectral sub-class, and the error in the V measurement of ±0.1, we derive a distance to 1E0419.2+1908 of I2.6Í5 opc, and conclude that the source is a foreground object. low.
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Lithium is rare in late-type dwarfs, although this spectral feature sometimes occurs in the chromospherically active BY Dra stars. Emission line flare stars have metal abundances similar to normal dwarfs (Hartmann & Anderson 1977) . While late-type emission line stars are possibly in an earlier stage of evolution than normal dwarfs, the Li À 6707 resonance feature only appears at a significant strength in extremely young objects (Herbig 1977; de la Reza, Torres & Busko 1981; Duncan 1981) . The time-scale for depletion of Li in an MV star is <^10 7 yr due to vigorous convection; however, the absence of this feature in the spectrum of 1E0419.2+1908 provides weak support for the claim that the source is a foreground object and not associated with the Taurus-Auriga region of star formation.
Quiescent and flare luminosities
The spectral information obtainable from the IPC pulse height data is limited by the low count rate obtained. However, we can investigate broad-band variations in the X-ray spectra by defining a hardness ratio H such that (0.8-3.5 keV)-(0.2-0.8 keV)
(0.2-3.5 keV)
where the quantity in brackets represents the total count rate in the specified energy band. For the first Einstein observation (no. 3816) //=-0.79±0.10, while for the second (no. 7434), //=-0.16±0.24. Thus, the X-ray emission from 1E0419.2+1908 was much harder in observation no. 7434. We therefore take observation no. 3816 as being obtained in a period of 'pure' quiescence, and tentatively consider observation no. 7434 to be the tail of a flare, while not ruling out the possibility that we are merely observing changes in the quiescent corona. Clear variations in the quiescent X-ray level have been seen in Einstein observations of BY Dra (dM0e+dM2e) and CRDra (dM1.5e) , and secular variations in the quiescent corona of Proxima Cen have been noted by Haisch et al. (1980 Haisch et al. ( , 1983 . In principle, simultaneous observations with the EXOSAT LE telescopes through two filters with differing bandpasses enable an estimate of the temperature of the emitting gas to be obtained. However, the ratio of the count rates in the two filters is a very shallow function of temperature, and taking the errors into account, this ratio does not usefully constrain the temperature.
Although we are unable to directly obtain an accurate temperature from our Einstein IPC and EXOSAT LE data, we can derive fluxes and luminosities for 1E0419.2+1908 using the values for the temperature of the quiescent corona and the peak temperature of the material in a 'typical' dM4-5e star flare available in the literature. Kahler et a/.(1982) find a quiescent coronal temperature T c =3.5 x 10 6 K and a peak temperature 7}=20 X10 6 K for the flare they observed from YZCMi (dM4.5e). For Proxima Cen (dM5e), Haisch eta/. (1980 Haisch eta/. ( ,1981 Haisch eta/. ( ,1983 find T' c =4x10 6 K, r f =17 and 27xl0 6 K for two different flares. For ATMic (dM4.5e), Kahn et al. (1979) find r f~3 0xl0 6 K. Each of these stars has a spectral type very similar to that of 1E0419.2+1908. We will thus assume values of r c =4xl0 6 K (¿7=0.35keV), 7 f =20xl0 6 K (¿7=1.7 keV) in the following flux and luminosity estimates for 1E0419.2+1908. Owing to the proximity of the source we postulate a token column density of A H =1 x 10 18 cm -2 . In support of these figures we note that the ratio of count rates in the 3LX and Al/Par filters at a time 2000 s after the peak of the flare is 3.3, consistent with a thermal spectrum with ¿7~2keV, AH~10 18 cm _2 . For the IPC data the conversion factor (flux per IPC counts -1 ) implied by these temperatures is constant within a factor of 2 within the temperature range 0.2<¿7<0.8keV (7=2.3-9.3x10 6 K). The luminosities derived below for the EXOSATLE observation are only
Observations of a dMe flare star 85 weakly dependent upon the chosen temperatures; the error upon the peak luminosity is <20 per cent for 0.86<A:7<4.3 keV (T= 10-50 x 10 6 K) and <25 per cent for the quiescent luminosity for 0.17</cr<0.52keV (r=2-6xl0 6 K).
In Table 4 we present the derived fluxes for all the X-ray observations. For the Einstein data we assume the quiescent temperature postulated above, and for the EXOSAT observation we quote both the quiescent flux as defined by the first 1200 s of the exposure and the peak X-ray flux during the flare. The luminosities are also given in Table 4 , assuming a distance of 12.6 pc as derived in Section 4. We note that the flare represents a 40-fold increase in luminosity.
To compare the mean levels of quiescent flux from 1E0419.2+1908 in 1980 February and 1983 August, we need to compensate for the differing passbands of the IPC and the LE experiments. The LE flux integrated over the IPC sensitivity range yields
(L x =8.6xlO 27 ergs -1 ), marginally consistent with the Einstein result. The total energy of the flare is, of course, dependent upon the temperature at each stage of the rise and decline, however, we can place limits upon the total flare energy of 2.7xl0
32 <£ x <3.3xl0 33 erg. The flare activity has not quite ceased by the end of the observation, but assuming that the count rate decreases exponentially back to the quiescent level increases the energy upper limit by <5 per cent.
Discussion

THE EMISSION MEASURES
Culhane & Acton (1970) calculate the thermal continuum function for the X-ray emission from coronal plasmas, incorporating contributions from both the free-free and free-bound processes. This function provides an analytical relationship between the observed count rate (deconvolved from the detector response), the temperature of the material, and the volume A. P. SmalettdX.
emission measure EM(V)-^N'idV for plasma at a solar distance. Modifying the function [Culhane & Acton 1970, equation (4) ] to increase generality we obtain; £M(V) = 3.144x 10 53 d 2 N(E) x £ 13 (kT) 0 2 exp (E where N{E) is in photons cm -2 s'" 1 keV 1 at the Earth, d is the distance in pc, T is the temperature in K, and E is the energy in keV. The characteristic energy of the LE detector plus the 3LX filter is 0.250 keV for the peak of the flare, and 0.192keV for the quiescent measurement. Assuming the values for the temperatures given earlier the fluxes at flare maximum and quiescence are 2.6xl0~2 and 1.2 xlO -3 photons cm -2 s -1 keV -1 respectively; thus the emission measures are £M(y)(peak) = 2.7íi;7Xl0 53 cm -3
and EM(V) (quiescent) = 5.0Í3 2Xl0 51 cm -3 . The quoted errors include the uncertainty in the distance and the statistical errors on the LE count rates. This formula for calculating the emission measure takes account of continuum emission processes only, and thus will overestimate EM(V) \i a large fraction of the observed flux comes from lines. Running a Raymond-Smith code (Raymond & Smith 1977) for an assumed density of 10 lo cm -3 (see below) and the above temperatures, and folding the derived spectrum through the EXOSAT 3LX filter response curve, indicates that including line emission processes principally affects the quiescent emission measure. The derived values become £M(L)(peak) = L7Í 2 ;oXl0 53 cm~3 and EM(L)(quiescent) = 1.8íi;2Xl0 51 cm -3 .
The conclusions drawn below are independent of which method is used to obtain EM(V). These emission measures depend on the adopted temperatures but are similar to those derived for the other M dwarfs discussed above. For example, Haisch et al. (1978) Haisch et al. 1981) . Previously observed quiescent emission measures range between -6 x 10 49 for Proxima Cen (Haisch et al. 1980) , and -7 x 10 50 for YZ CMi (Kahler et al. 1982) . Flare emission measures do vary and lower values (-2xlO 51 cm -3 ) have also been reported for YZ CMi (Kahler et al. 1982) . It can be seen that the values we derive for this star are typical of the larger values found previously.
THE QUIESCENT CORONA
In the analysis that follows we have to adopt 'typical' stellar parameters for an M5e dwarf. From Allen (1973) , these are R*-0.32 R Q and g*-6.3xl0 4 cms _2 .
The quiescent emission measure can be interpreted in terms of a spherically symmetric uniform corona, by analogy with the quiet solar atmosphere. Early spatially integrated solar spectra (e.g. Neupert 1965) showed that the emission in lines formed at the 'average' solar temperature, T c -1.5xl0 6 K, does not vary significantly with the presence of active regions, whereas lines formed above T c vary increasingly with temperature. The average component also shows as limb-brightening. Even if the quiescent component is the result of the expansion of loops their height is so much greater than the isothermal scale height that a uniform approximation is justifiable over the first Y 2 scale height where emission lines are formed. Similarly we can interpret the quiescent flux in terms of an equivalent loop structure according to the scaling law proposed by Rosner et al. (1978) . This gives
where T max is the maximum temperature in the loop, P 0 is the total gas pressure (dynes) and L is the loop half-length. With T max =4xl0 6 K P e L = 9 Ax 10 25 cm" 2 K.
The quiescent emission measure can be expressed as
Then, with A the loop cross-sectional area of radius r, by eliminating P e from the above A. P. Smalezt?\. Thus the scaling law of Rosner et al does not appear to be appropriate to the quiescent conditions. One possible reason for this may be that the scaling relations of both Rosner et al and Hearn are equivalent to fixing the ratio of the radiation and conduction losses (or cooling times).
THE FLARE
In the absence of other information the conditions in the flare can be deduced by equating the observed cooling time to (i) the radiative cooling rate and (ii) the conductive cooling rate, i.e. Since we expect A^A^quiescent^l^ xl0 10 cm -3 , this gives L^2.2xl0 10 cm, which in view of R ;(:~2 .2xl0 10 cm is not a very useful upper limit. The density squared scale height at 2 x 10 7 K is also -2.2 x 10 10 cm. Solar flares do not usually involve loop structures as large as the scale height at 2xl0 7 K (in the Sun this would be -5xl0 10 cm).
Both N e and L can be found if we assume r rad =r cond , i.e. r obs = 1 /2r radorcond . Then A e =9.5xl0 10 cm -3 , Pe = l-9xl0 18 cm -3 K and L = 1.2xl0 lo cm. The flare volume would then be V=3.0xl0 31 cm 3 and involve an area ~1.2xl0 21 cm 2 , or, with a circular cross-section, a radius of 3.5xl0 lo cm. Since this volume is about equal to that of the whole quiescent volume and the area is -38 per cent of the observed surface, a single loop interpretation seems dubious. Alternatively it could be argued directly from the emission measures and V ñaTC ^quiescent that A e (flare) must be >7.3 Acquiescent), or >9.5xl0 10 cm -3 . If other processes, such as flows, cool the flare plasma then the observed cooling time is less than either r rad or r cond . The procedure above then gives an upper limit to N e if r obs <r rad <r cond , but no limit on N e if r obs <r cond <r rad-I n the latter case we can say only that jV e L 2 >6.5xl0 3° cm -1 , but cannot separate N e and L. Conversely, if the flare plasma continues to be heated then ^obs < ï'rad or r cond and (i) a larger value of N e or (ii) a smaller value of N C L 2 could be appropriate. Although in the Sun a spherically symmetric interpretation of the quiescent component is appropriate we cannot rule out a situation in Me atmospheres where a larger proportion of 'active region' material is always present, and an even cooler component is not as yet observable. Time-dependent studies and more sensitive X-ray instruments should eventually be able to resolve this issue. Since it is unlikely that the flare volume exceeds the active region volume, even if the latter is less than the 'coronal' volume, the condition With Ae( C ) and VC 1.3xl0 1() cm~3 and 2.9xl0 31 cm 3 as before, this would rule out pure radiative cooling, and pure conductive cooling would give, from A e L 2 =6.5 xl0 3o cm _1 , L^3xl0 9 cm which is not unreasonable given the relative size of loops involved in solar flares. Finally,
